. Optical images of the filled chamber made with the vibrometer. a, Top view through the glass wafer. b, Bottom view. The membrane is buried 380 µm deep in the silicon wafer. A long-focus objective of the vibrometer is used for the image. The red circle shows position of the laser beam on the opaque electrode. The white circle indicates the center of the membrane.
. Current-voltage characteristics of the microscopic electrochemical cell for one of the samples (low current sample). At U > 3 V it was not possible to neglect the heating by the current. The corresponding points were collected using the procedure similar to that used for Fig. 3b . Then the current was extrapolated linearly to t = 0 to exclude the effect of heating. The red line is the best fit with the function I = (U-E 0 )/R, where the parameters E 0 and R were found from this fit. The inset shows enlarged view for the points below 2 V. Figure S3 . Stroboscopic images of the chamber (flash is 10 µs long). The top row is for single polarity pulse with U = 8 V, τ = 0.2 ms. The panels a, b, and c correspond to the observation time t = 0, 0.2, 2 ms, respectively. The gas forms well visible microbubbles that coalesce with time and diffuse slowly. The bottom row is for AP pulses with U = ±8 V, f = 100 kHz, τ = 0.8 ms. The panels d, e, and f correspond to t =0, 0.8, 1.6 ms, respectively. In the bottom row the voltage was applied longer and the current was nearly 3 times higher (different sample) than in the top row. Nevertheless, the number of microbubbles is smaller for AP pulses and they have different pattern. The number of visible microbubble decreases further with the increase of the driving frequency. Nanobubbles can be seen in the image e as a weak haze and they are on the edge of visibility. Figure S4 . Continuous series of pulses vs two series separated by a delay. The runs were for U = ±9 V, f =100 kHz and the chamber was observed from the top. a, Deflection of the membrane. The blue curve corresponds to 300 µs long continuous series of pulses. The red curve is the response on the two series of pulses 200 µs and 100 µs long separated by 100 µs delay. The red curve demonstrates possibility of actuation with a frequency of F = 5 kHz. b, Faraday current for the runs given in a (one point per period). The blue circles are for the continuous series. The red triangles are for the two series of pulses separated by a gap of 100 µs long.
Details of fabrication
In our design the electrodes and the thermal sensor underneath the electrodes are fabricated directly on the membrane. Here we provide some details of fabrication. Silicon wafer was covered with 530 nm of SiRN. Half of micrometer of polysilicon was deposited on top of the nitride, which was doped with boron to a resistivity of around 2×10 -5 Ω·m. The polysilicon layer was patterned to form a resistor as shown in Fig. S5a using the standard lithography process and reactive ion etching. For insulation of polysilicon from the electrodes and for good bonding with the glass wafer the top layer (170 nm) of polysilicon was oxidized. The electrodes were deposited by sputtering. A layer of Ti 10 nm thick was deposited for better adhesion followed by 100 nm of platinum. For patterning of metals the lift-off process has been used. The resulting structure on the membrane is shown schematically in Fig. S5b . To cover the polysilicon resistor smoothly without cracks before the sputtering we deposited SiRN and wet etched it isotropically. Nitride left in the inner corners and guaranteed smooth covering with metals as shown in Fig. S6 . 
Supplementary Text
Let us estimate roughly how much gas exists in the chamber using as an example the data in Fig. 2 . The total amount of gas molecules N produced by the electrochemical process is given by the expression
where e is the absolute value of the electron charge and the Faraday current I F (t) is understood as a continuous function of time in the same sense as presented in Fig. 3b .
Extracting I F (t) from the data in Fig. 2b and taking the integral for τ = 600 µs we find N ≈ 2.5×10 13 .
Let us assume for the moment that the gases cannot react and all the produced gas will stay in the system. At normal pressure this gas would fill 20V 0 , where V 0 = 5×10 4 µm 3 is the nominal volume of the chamber. This huge amount of gas is not observed and has to disappear in some way.
Significant part of the produced gas disappears via stoichiometric nanobubbles formed nearby the electrode surface. This process is well documented in 6,7 but for completeness let us repeat and refine the physical arguments. The first pulse (negative for definiteness) with the length T/2 = 1/2f = 10 µs produces H 2 molecules above the working electrode. During the time T/2 the molecules can diffuse away from the electrode on the distance 
where A = 2000 µm 2 is the area of the working electrode. Comparing this estimate with the saturated concentration of hydrogen 4.7×10 17 cm -3 one finds the relative supersaturation S = 1000 averaged over the electrode surface. Note that the pressure at the first pulse is still close to the atmospheric pressure. The current density is distributed nonhomogeneously and locally S reaches even higher values. With this level of supersaturation the bubbles nucleate homogeneously and very fast. The upper limit on the bubble size is 2r < l D = 210 nm, where r is the bubble radius. These small bubbles cannot be observed optically because they scatter light very weakly.
The next pulse is positive and it produces oxygen above the working electrode. For oxygen one finds similar but somewhat smaller values: l D = 140 nm and S = 430. Oxygen bubbles also can be nucleated homogeneously but with high probability O 2 molecules will diffuse in the existing nanobubbles containing hydrogen. In this way stoichiometric nanobubbles can be formed. In these bubbles the reaction happens spontaneously 6 but the mechanism is still unclear. Disappearance of the stoichiometric nanobubbles in phase with driving pulses is supported by observation of the gas density oscillations in Ref.
[6] and the membrane oscillations in this study, among other arguments.
We can estimate the number of gas molecules in the chamber N ss when the steady state is reached. Let us assume that all gas is collected in nanobubbles of maximal radius r = 100 nm (larger bubbles would be visible due to significant light scattering). This gas can be described by the gas law
where P 0 is the atmospheric pressure, ΔP = 3.6 bar is the overpressure in the chamber, and P L = 2γ/r = 14 bar is the Laplace pressure for a bubble in water. The increment of the volume is estimated for the square 100×100 µm 2 membrane with maximal deflection d 0 = 1.5 µm as ΔV = 0.7×10 4 µm 3 . Since we took the largest radius for the bubbles, Eq. (S4) gives the estimate for the smallest number of gas molecules in the steady state, N ss > 3.1×10 12 .
According to Fig. 2c the pressure in the chamber is relaxed for 100 µs or so and without reaction all this gas would fill 2.6V 0 . Because the gas is not observed we conclude that it is consumed in the reaction of water formation.
